This paper investigates the demand for money by firms and the existence of economies of scales in order to evaluate the efficiency in the cash management of the Italian manufacturing industry. We estimate a money demand for cash elaborated by Fujiki and Mulligan (1996) 
Introduction
The scope of the present paper is to investigate the demand for money by companies and the existence of economies of scale in the payment technology in the Italian manufacturing industry.
The macroeconomic relevance of this analysis arises from the possibility of shedding light on the velocity of money and through this on the impact of money supply on inflation and rate of interest. At microeconomic level the same analysis is important to evaluate the efficiency in cash management of the Italian manufacturing industry which is a significant example of an industrial sector characterized by a modest degree of vertical integration and by the prevalence of small firms.
Since the seminal contributions by Keynes (1931 and 1936) , Baumol (1952) and Tobin (1956) , both the theoretical and empirical literature has been enriched by important though not abundant contributions. From a theoretical point of view the main contributions have been the stochastic model of money demand introduced by Miller and Orr (1966) and the framework for modeling money demand by households and firms proposed by Fujiki and Mulligan (1996) . From an empirical point of view, the model elaborated by Fujiki and Mulligan has served as a benchmark for many applications: Adão and Mata (1999) have studied the demand for money by firms in Portugal; Bover and Watson (2005) in Spain; Lotti and Marcucci (2007) in US. Mulligan (1997) using COMPUSTAT, analyzed economies of scale for a wide range of firms listed on the New York Stock Exchange and American Stock Exchange.
Our main contribution to the literature consists in an empirical analysis based on a new panel data set that contains more than 26,000 Italian manufacturing companies of various sizes and industrial categories along the period [1999] [2000] [2001] [2002] [2003] [2004] [2005] . Panel data models for individual and time effects is applied with fixed and random effects like in Lotti and Marcucci (2007) . Bover and Watson (2005) estimated sales and interest elasticities at firm level using measurement error static panel models. The main differences with respect to the previous empirical papers based on panel data concern two different aspects.
The first is the choice of dynamic models which overcome problems related to possible endogenity of cash holdings. Elasticities obtained through different models (static and dynamic panel modes) and estimate methods (OLS and GMM) reveal the robustness of estimates.
The second aspect with which we differentiate our work from the previous literature on panel data is an iterative procedure based on backward exclusion of firms from model estimation in which we point out the high heterogeneity of Italian companies in money demand. Through the same procedure we are in fact able to show that small companies feature high elasticities and absence of scale economies whereas medium and large companies are characterized by values of elasticities near to 0.5, as predicted by the models of Baumol and Tobin and relevant scale economies. At the same time, because small companies are generally characterized by thin Cash Balances and with this by the irrelevance of the problem of Cash Management, it becomes hard to qualify the low elasticities of this kind of company as inefficiency.
It is well known that heterogeneity is relevant not only at time and size level but also at industry level. Starting from this fact we partition our data set using also a Sector criterion obtaining estimates for each of them.
The paper is organized as follows. Section 2 presents the most important theoretical models and the most recent and relevant empirical studies. Section 3 and 4 focus on the model and empirical specifications to be tested. Section 5 describes the data used in the analysis. Section 6 presents the empirical results. Section 7 compares and contrasts the results obtained in the Italian case with those obtained in other countries by other researchers who used the same demand for money function. We summarize the key results in the conclusion.
Critical analysis of previous theoretical and empirical studies
In the Keynesian approach transaction velocity is considered a variable and it changes in the opposite direction to the change in the quantity of money (Ghatak,1994, p.123 ). An increase in money supply (M) involves a fall in interest rates which determines an increase of the speculative demand for money and this means a fall in the average velocity of circulation. The traditional multiplier effect implied that a rise in money supply, via the investment schedule, leads to an increase in income which in turn affected the transactions demand for money. This mechanism was challenged by Baumol (1952) and Tobin (1956) as to the transaction demand for money and by Whalen (1968) as to the precautionary demand for money. Baumol (1952) introduced an inventory theoretic approach to show that the transaction demand for money depends inversely on the rate of interest and is proportional to the value of transactions. The square root rule (M=(2bT/i) 1/2 ) derives the optimal withdrawal size according to which the demand for cash balances (M) depends directly on a known stream of expenditures (T) which have to be paid for in cash, b is the fixed cost per withdrawal and i is the constant known interest rate on assets. The optimal value of cash holding is obtained by minimising a cost function that takes into account both interest and non interest costs. Interest costs are represented by the opportunity cost of holding cash foregoing interest on assets and non-interest costs by broker's fees, assumed to be linearly related to the value of transaction.
It seems clear that whereas the assumptions of this model might have some significance at the level of the household sector, for the business sector assuming a known pattern of expenditures, a known pattern of receipts and a known asset price is quite unrealistic because as Goodhart (1989) has pointed out "it abstracts from all those facets of uncertainty which give money its essential role as a means of payment". Thus given its nature the model can be of little empirical significance, unless those assumptions are relaxed and a stochastic environment is introduced. This is the path followed by Miller and Orr (1966 and who reformulated the inventory theoretic approach in a stochastic
context. Since a model involving certainty about the timing of receipts and disbursements in the business sector it is quite unrealistic, Miller and Orr (1966) proposed an inventory theoretic model in which the optimal amount of cash held by firms was determined in a stochastic context. Miller and Orr make four main assumptions. First, Baumol preferred assumptions, i.e. use of two assets, absence of lead time and constant marginal cost per transfer. Second, the minimum balance hypothesis, a lower bound below which the cash is not allowed to fall. Third, they introduce a stochastic process, in particular the random behaviour of the cash flow is characterised by a sequence of independent, symmetric Bernoulli trials. Fourth, firms minimise the long-run average cost of managing cash. The transaction technology is given by T=Bml , where B is the time cost of cash management and it is constant over time and across firms, l is the cost of getting cash and is assumed to be independent of the amount of money demanded, m are real cash balances. In this model the cash manager will not make continuous transfers but will wait until cash balance reaches its lower limit, whereas if the upper limit is reached then cash is exchanged for bonds. The result is that the optimal amount of cash demanded depends directly on relative transfers and inversely on interest rates as in Baumol but now the demand for money is related not to the level of transactions but to the variance of transactions. In
Miller and Orr the income elasticity of the demand for money depends on the effect caused by income on the frequency of transactions, as compared with average size. The elasticity is 1/3 if the size remains constant as the income rises but the frequency increases. The elasticity is 2/3 if the frequency remains constant but the size increases with income. The interest elasticity of the demand for money is (-1/3).
It is worth mentioning, as Goodhart (1989) has pointed out, that even though the inventory theoretic approach has been much improved by the use of mathematical techniques, it has nonetheless overlooked some key features of the banking system. Sprenkle (1969) has sharply questioned the validity and usefulness of the model 1 . A more complete and richer version, which includes but is not limited to the inventory theoretic model, has been offered by Saving (1972) , Ben-Zion (1974) , Ben-Zion and Karni (1976 ), Feenstra (1986 ) and Fujiki and Mulligan (1996 . An important contribution of Ben-Zion (1974) , is the criticism to the empirical studies devoted to the analysis of the demand for money by firms. Indeed he finds two main difficulties in the preceding literature. First, the lack of a cost of capital variable and the implicit assumption that all firms in a given cross section have the same cost of capital, which is inconsistent with theory of finance, which predicts that the cost of research (see Adão and Mata (1999) and Lotti and Marcucci (2007) ). Ben-Zion and Karni (1976) have presented a reconciliation of the inventory theoretic and utility-of-money approaches at the individual level. They assume that the individual maximises a utility function with consumption (C) and real balances (m) in it, U(C, m). The individual is
, where Y and r are income and interest rates, respectively.
They show that the model contains the inventory theoretic model and Patinkin theory as special cases. The former occurs when m does not enter into the utility function and the latter when a=0. The optimal money holding they derive provides a larger money holding than the two special cases. These studies have open the way to further attempts to integrate the two approaches. We mention in this section Feenstra 2 and leave to the next section the model presented by Fujiki and Mulligan (1997) which has been as benchmark model and we will use in the present research.
A further generalisation is presented in the next section 3 .
Recently, Alvarez and Lippi (2009) have analysed the transactions demand for cash for households taking into account precautionary motives which are absent in the deterministic inventory model. Specifically, they allow for the possibility of withdrawing cash at low cost up to a certain number of withdrawals. In the deterministic model, the interest elasticity is 0 over the range covered by free withdrawals, while it is again ½ when the number of withdrawals exceeds the range. The model is also extended to deal with random free withdrawals. The randomness of free opportunities to withdraw cash gives rise to a precautionary motive, so that withdrawals may occur when the agent still has a positive cash balance. In this case the elasticity is between 0 and ½ and is smaller at lower interest rates.
The development of the model
The model we will test has been derived by Fujiki and Mulligan (1996) and will be used because it allows to test a number of relevant hypothesis concerning the economies of scale in the business sector and because it allows also a direct comparison among the different empirical estimates of the economies of scale in different countries, as estimated by other authors.
The production process of firm i at date t, y i,t , is described as a function of a vector of inputs, X i,t , transaction services, T i,t , and a technology parameter, λ f , supposed to be constant over time and identical across agents, thus y i,t =f(X i,t , T i,t , λ f ). Then the authors introduce a production function for the transaction services, which are supposed to depend on real money balances held by the firm i, m it , units of labour used to produce transaction services, l it , a technology parameter used in the production function assumed constant across firms, λ Φ , and a productivity parameter, A i,t , as an indicator of firm's degree of financial sophistication, that is T i,t =g(m it , l it , A i,t , λ Φ ). The firm minimises a cost function, which is the sum of rental expenditures. The cost function is m R l w X p c
where p is the price of the composite input X i,t , w is the wage of the workers, and R i,t is the nominal opportunity cost of money. R t is assumed to be the same across firms and this is highly questionable from the theory of finance as has been pointed out by Ben-Zion. On the contrary, Adão and Mata (1999) overcome this difficulty by using different interest rates across firms, thus allowing for different risks among firms and different costs of capital.
The optimal solution in Fujiki and Mulligan (1996) is obtained by minimising the total cost function subject to the two production functions.
Thus the minimization problem to be solved is:
Fujiki and Mulligan assume that the production function is continuous, non-decreasing in all arguments and increasing in T. The production of transactions services is continuous, non-decreasing in each of its arguments and is strictly increasing A and m. Thus the cost function is homogenous of degree one in prices, increasing in y i,t , non-decreasing in rental rates and continuous in p, R and w. Two further assumptions on the two production functions are added: the elasticity of the production function with respect to transactions services approaches 0 as λ f approaches 0, and returns to scale of the transactions services production function is bounded above for any positive level of the two inputs, X and m. Adão and Mata (1999) 
, where a=1/h and b=1/n. Since each firm's level of transaction is increasing in the level of production, then in order to produce y i,t in period t, T i,t has to be such that G(y i,t )≤T i,t . Firms incur transactions costs because outflows and inflows of cash are stochastic.
The firm solves the optimisation problem as in Fujiki and Mulligan (1996) , i.e. minimises its cost function subject to the two production functions, but now with the modified version of the transaction technology. First, at the optimum y i,t =f(x i,t ), and the minimisation simplifies to ( )
. By assuming G(y i,t )=k i y i,t , where k i is the cash flow structure of firm i, the minimisation can be rewritten as ( ) which can be linearized as:
where Φ i,t is a function of B:
Empirical specification to be tested and econometric procedure description
In this section we briefly discuss the empirical specification and related parameters derived from the Fujiki and Mulligan model discussed in the previous section and used in Adão and Mata (1999) .
One main issue to cope with in the econometric analysis of the model, as pointed out by Lotti and Marcucci (2007) , is the presence of a possible non-zero correlation between the exogenous variables and the contemporaneous disturbances undermining the assumption of strict exogeneity.
In the empirical specification we need to assume that all differences between companies in the cash-flow structure and in the degree of financial sophistication are persistent over time, so that they can be captured by the individual fixed effects. Furthermore, we allow for possible changes in the degree of financial sophistication over time, imposing that such movements have the same effects on all firms at each point in time. To control for such economy-wide changes in financial sophistication, we include time effects in the empirical specification. However, we leave all the firm-specific changes in the financial technology as residuals. In sum, we mainly model time and firm-specific effects as fixed effects so that we assume a two way error component regression model where the disturbances are composed of an unobservable individual effect, an unobservable time effect and a purely stochastic disturbance. This particular specification is very useful because it removes the effects of all the persistent differences among firms from the estimates. In practice, the estimated demand elasticity will be immune from any difference in money holding between small and large firms. We have to consider that normally, small and large firms differ not only in terms of size, but also in many other aspects, for example cash-flow structure and degree of financial sophistication. Introducing time effects in the empirical specification, the variable it R reflects the deviations of each firm's cost-of-capital from its average level over time, rather than the evolution of the overall level of interest rates. The effects of the entire evolution of interest rates and changes in financial technology and wages are captured by the time effects.
There are two differences between the theoretical demand for money derived in the previous section and the empirical one. First, γ and δ are not constrained to be symmetrical, but symmetry is a hypothesis to be tested. Furthermore, whereas in theoretical demand for money no restrictions are imposed on the variability of the financial technology, for estimation purposes additional restrictions are needed, and thus the intercept cannot vary for each firm in each period. Thus the degree of financial sophistication and firm's cash flow structure are supposed to be persistent over time and captured by α i , which measures firm's specific effects. The parameter β t captures the time specific effects caused by changes in financial sophistication at the economy-wide level.
The latter effect at firm level is not explicitly modelled in the equation and left to the residual term ε i,t .
Time and firm specific effects are modeled as fixed effects, which has the advantage of removing the effect of all the persistent differences between firms. This implies that the estimated parameter of the elasticity of money with respect to production, θ, will not be affected by differences in money holdings between small and large firms, indeed small and large firms differ not only in money holdings but also in many other aspects such as cash flow structure or the degree of financial sophistication. Thus, as Adão and Mata (1999) point out, the parameter θ will not be estimated based on the fact that small and large firms hold different amounts of money but on the basis of the hypothesis that when a firm grows larger it uses a greater amount of money.
The same can be said about the cost of capital, which is not based on differences across firms, but on changes of these costs over time.
As money holdings could be considered, to some extent, endogenous, we considered the dynamic version of model (1) as follows:
log log log log log ε θ δ γ δ β α
where δ is the coefficient of the lagged dependent variable. In order to identify model (2), we need to assume some restrictions on the serial correlation properties of the error term and on the properties of the explanatory variables. The error terms it ε are assumed to be serially uncorrelated and independently distributed across units with zero mean. To solve the problem of potential endogeneity of it m we apply transformations that allow to use lagged endogenous variables as instruments in a transformed equation. The most common transformation is the first difference which wipes out the individual effects which are correlated with endogenous variables. After this transformation it is therefore possible to use suitably lagged endogenous variables and the GMM estimator in order to instrument the non-exogenous variables (see, for example, Arellano and Bover, 1995) .
The data
The firm-level data in this study are drawn from the AIDA data bank which is collected by holdings by business firms it m , which is cash balances at the end of the year, including bank deposits and the total amount of short-term investments. The other variables used in the empirical analysis are it y : total "net sales" of firm i during year t; it w : total personnel expenditure for firm i during year t; it R : cost-of-capital for firm i during year t, computed as the total financial expenditures during the year (given by "interest expense"), divided by the total debt (given by "total liabilities") at the end of the year as in Adão and Mata (1999) .
Actually, this measure represents the cost of credit and has the advantage of being firmspecific. In addition, it is a weighted average of interest rates paid on short-and long-term * sd.dev = standard deviation, mad = median absolute deviation, cv = coefficient of variation (mean/sd.dev*100), rcv = robust coefficient of variation (mad/median*100) * sd.dev = standard deviation, mad = median absolute deviation, cv = coefficient of variation (mean/sd.dev*100), rcv = robust coefficient of variation (mad/median*100) * sd.dev = standard deviation, mad = median absolute deviation, cv = coefficient of variation (mean/sd.dev*100), rcv = robust coefficient of variation (mad/median*100)
The results

Scale economies and firm heterogeneity
The econometric model specified in equation (1) (2) has been obtained by GMM estimator (Arellano, 2003, p.127-174) with instruments given by lagged dependent variable. Sales elasticities, which are the main focus of this paper, are reported in 
Residual diagnostic for our GMM estimates shows significant first order serial correlation while the hypothesis of no second order serial correlation has been never rejected.
The null hypothesis of the validity of the instruments has been never rejected by the Sargan's test of overidentifying restrictions (applied as reported in Baltagi (2005) , p. 141, asymptotically distributed as a Chi-square with as many degrees of freedom as overidentifying restrictions).
Considering the whole manufacturing industry, the coefficient of sales elasticity is around 0.94 when estimated by static panel models and about 0.9 when GMM estimator has been applied (see Table 5 last row). Anyway it is significantly less than 1 but by a small amount.
The same coefficient has been found to be 1 for the United Kingdom and 0.93 for US by Bover and Watson (2005) , between 0.50 and 0.70 for US by Lotti and Marcucci (2007) , between 0.5 and 0.7 (when firm-specific effects are not included in the regression) for Portugal by Adão and Mata (1999) , 0.8 for US by Mulligan (1997) The dominium of validity of our conclusion-i.e inefficiency of Italian Manufacturing in Cash management-has to be heavily restricted if we run our model on subsets of our data obtained according to level of cash holdings and size of companies and Sector.
Consequently we have produced a skimming of our data set using three different profiles: a) Cash holdings; b) Sales; c) Industrial Sector
Exploring the impact of liquidity and size on sales elasticity.
Relevance of Cash Holdings arises from the fact that thin Cash Balances make irrelevant the problem of cash management. Table 6 Table 7 , this time using the distribution of yearly average cash holdings). Our procedure has now to be summarized.
Equation (1) can be written as:
and α z is the α-th percentiles of the distribution of a dimension variable Z averaged along time;
is the parameters vector corresponding to observations included in ℑ . Note that, when α=0 equation (1) and (2) In Figure 1 we report the estimates with a progressively greater skimming of companies according to their cash holdings level. The results (continuous line in ) are quite interesting: scales elasticities are below 0,6 after the median and become 0,5 after the 80th percentile. The first conclusion we can draw form this exercise is that Italian companies' cash management is efficient after the median value of 100.000 euro and assumes the value of 0,5-the same of Baumol's-after the 80th percentile i.e. for the 20% of our data set. The second profile by whom we have portioned our data is size: considering Sales as ordering variable again we iteratively run our model on a progressively reduced data set.
The results (dashed line in Figure 1 Table 5 ). Medium high and high tech Sectors-Mechanics and Information technology in our data setare respectively featured by high and low elasticities. 
Wood and wood products
Percentile threshold Sales elasticity
Interest Rate and Wages
In the econometric specification of models of money demand in the previous literature (Mulligan (1997) , Adao and Mata (1999) , Bover and Watson (2005) On the contrary, our specification of Interest Rate is consistent with the recent work: it is not the marginal rate but the medium rate calculated as the ratio between the net financial charges and total debt.
In our model we would expect values of elasticities of Wage (Table 12 ) and Interest Rate (Table 11) Also Interest Rate has the expected sign which is negative given the opportunity cost of holding cash.
The two variables do not have equal absolute value as would be suggested by our model:
using the Wald test we are not able to accept the equality hypothesis of the absolute value. In contrast to what has been observed for sales, estimates of elasticities of wages and interest rates are not constant across different estimators and not always significant.
The last point is particularly evident for interest rates where the corresponding coefficients are most of the time not significant (p-values > 0.1). Money demand from Italian firms is therefore determined mainly by size (sales and wages) while interest rates play a marginal role. 
Conclusions
In spite of some relevant contributions, until recently business money demand has received limited attention from economic practitioners and academics. On the contrary during the last ten years we have recorded a surge of contributions aimed at supplying empirical evidence on the same topic.
More precisely in the last few years conspicuous energies have been spent on corroborating business money demand through econometric procedures on panel data of companies. In this respect Fujiki and Mulligan's model (1996) has been one of the most tested. The econometric procedure applied in this paper is original and differs from the econometric techniques used in the previous works on money demand in at least two ways: 1) different estimators have been applied and compared; low variability of estimates obtained using different estimators is a clue of the high robustness of our results; 2) dynamic panel data models has been used in order to avoid problems coming from possible endogeneity of sales with respect to cash holdings; 3) a completely new iterative
procedure has been introduced to analyze the sensitivity of estimates to the size of cash holdings and sales.
In this paper we have studied the case of Italian manufacturing. The data set is represented by a panel of seven years for more than 26.000 companies for which AIDA data-base provides balance sheets figures. The case of Italy is particularly interesting given its industrial organization which is characterized by a very modest degree of vertical integration..
Our estimates on the whole dataset reveal the absence of scale economies in money demand.
The same conclusion should be heavily restricted if we estimate -via a recursive procedure-the same model on a progressively reduced number of companies according to the value of Cash Holdings and successively to the value of Sales.
The results of our exercise reveal that the absence of scale economies is determined by the large subset of small companies with sales below €8million. Once, in fact, companies under this size are progressively skimmed from our data set, economies of scale emerge Sectors.
An interesting result which emerges by this further exercise is the independence of scale elasticities from the level of technology which -according to the Eurostat classification partition-characterizes the Sectors.
As is expected from the theoretical model, signs of the coefficients of Interest Rate and Wage are respectively negative and Positive, while they are not equal in absolute value.
